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for Forage Sorghum Silage 1 , 2 , 3
Mark Hinds, John Brethour,4
Inoculant and Urea-molasses additives
Keith Bolsen, and Harvey Ilg
Summary
Beef Research Scientist, Hays Branch Experimental Station, Hays.
An inoculant (Sila-bac) and a non-protein nitrogen (LSA-100) silage
additive were evaluated with whole-plant, forage sorghum silage. Sila-bac
silage had the fastest temperature rise and peaked at 10 C above its initial
temperature. LSA-100 silage had a slow, steady temperature rise and reached
a maximum of 22 C above its initial. Control silage peaked at 15 C above
its initial.  Steers fed LSA-100 silage gained 7 to 9% faster than did
those fed control or Sila-bac silages. LSA-100 silage was consumed in
greatest amount; Sila-bac silage, in the least.  The two additives improved
feed efficiency by 3% over the control.
Both additives improved aerobic stability; control silage heated after
3 days; Sila-bac and LSA-100 after 7. Dry matter recovery from the stave
silos was similar for control (78.1%) and LSA-100 silages (77.3%), but
higher for Sila-bac silage (81.2%). When fermentation, storage, and
feedout losses were combined with steer performance, pounds of gain per
ton of ensiled forage were 88.8 for Sila-bac, 84.5 for LSA-100, and 82.6
for  control  s i lages .
Introduction
In Kansas, forage sorghum silage is commonly the main component in
cattle growing rations. Previous research (Hays and Manhattan) has shown
that non-protein nitrogen (NPN) applied to corn and forage sorghum at
ensiling will produce silages of variable feeding value. Commercial silage
inoculants generally have improved silage dry matter recovery; however,
feeding value of the silages has been less consistant.
This trial continued our evaluation of NPN and inoculants for forage
sorghum silage.
Forage sorghum silages were made at the Hays Branch Experiment
Station in October of 1980, using Asgrow's Titan E hybrid direct-cut at
1 Research was conducted jointly at the Hays Branch Experiment Station,
Hays, and at Kansas State University, Manhattan.
2 Inoculant (Sila-bacR ) was provided by Pioneer Hi-Bred International, Inc.,
Microbial Genetics Division, Portland, Oregon.




the hard-dough stage (29 to 32% dry matter).  Treatments were: 1) control
(no additive); 2) Sila-bac applied at 1.0 lb/ton of fresh crop; and 3) LSA-100
applied at 34.5 lb/ton of fresh crop. Additives were applied by hand at
the silo blower, and silages were made in concrete stave silos (10 ft x 30 ft).
Control silage was made during the morning of October 2; Sila-bac silage,
during the afternoon; and LSA-100, during the morning of October 3.
Dry matter losses during fermentation, storage, and feedout were
measured by accurately weighing and sampling all loads of fresh crop ensiled
and later weighing and sampling all silage removed from the silos. Ensiling
temperatures were monitored for the first 7 weeks.
About 450 lb of fresh crop was removed from each silo during filling.
For each silage treatment, 12 plastic containers (5-gallon capacity) and
six nylon bags (5-gallon capacity) were tightly filled with forage sorghum.
The containers were made air tight with lids fitted with rubber O-ring seals
and Bunson valves, then transported immediately to Manhattan and stored in a
room at 20 to 25 C. Three nylon bags were buried in the fresh crop at two
depths in each stave silo.
Stave silos were opened after 50 days and the silage was fed at a uniform
rate for the following 10 weeks. Silages were sampled weekly and composited
to form a biweekly sample for chemical analyses. The plastic containers
were opened in duplicate for each silage treatment on days 1, 2, 3, 4, 12,
and 122 post-ensiling. The nylon bags (three/silo) were recovered at approx-
imately 25 and 60 days after the stave silos were opened.
Seventy-five crossbred steers were fed at the Hays Station in an 81-day
growth trial (December 22, 1980 to March 12, 1981). The steers, native to
Nebraska and averaging 508 lb, were randomly allotted by weight, breeding,
and previous gains to the three silage rations (one pen of 15 steers per
r a t i on ) . Rations were the appropriate silage fed ad libitum plus 1.52 lb
of supplemental ingredients that included 1.12 lb of soybean meal, .20 lb of
premix , .10 lb of limestone, and .09 lb of ammonium sulfate. In the LSA-100
s i l age  r a t i on , .67 lb of grain sorghum replaced an equal amount of soybean
meal. Rations were mixed and fed once daily and salt was available free-
choice. Steers were implanted with 36 mg of Ralgro at the start of the trial.
Average initial and final steer weights were on a pay-weight to pay-
weight basis. To allow for weight loss during the weighing day, the steers
were weighed collectively by pens, at the start of each weighing day and then
weighed individually. All individual steer weights were pencil shrunk 4.0%
to obtain the adjusted individual steer weights.
To measure aerobic stability, approximately 60 lb of fresh silage was
obtained from a 3-ft depth below the surface in the center of each stave silo
on February 26, 1981. The silages then were transported immediately to
Manhattan and stability determined as described on page 7 of this Progress
Report.
5 Premix supplied 30,000 IU vitamin A, 300 mg monensin, 90 mg Tylan, 5 mg
cobalt, 30 mg copper, 7 mg iodine, 150 mg iron, 100 mg manganese, and
272 mg zinc per steer daily.
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Results
Chemical analyses of the three silages are shown in Table 4.1.
All three silages were well preserved and had undergone normal fermen-
tations. Compositions of control and Sila-bac silages were similar;
but LSA-100 silage had a higher pH and more ammonia-nitrogen. The LSA-
100 silage contained 12.0% crude protein (CP). The pre-ensiled crop
was 7.19% CP. Adding 34.5 lb of LSA-100 per ton should have raised the
CP to 12.62%, so 95.4% of the added nitrogen from LSA-100 was recovered
in  the  s i lage .
Ensiling temperatures above initial temperatures are shown in
Figure 4.1. The graph represents daily mean readings of four thermo-
couples  per  s i lo .  Si la-bac s i lage had the  fas tes t  temperature  r ise ,
peaking in 5 days at 10 C above its initial temperature. LSA-100 silage
showed a slow, steady increase in temperature over the 50-day ensiling
period, reaching a maximum of 22 C above its initial temperature; while
the control silage peaked at 15 C above its initial temperature in 12
days.
Steer performances are shown in Table 4.2. LSA-100 silage supported
7% faster gains than the control and 9% faster gains than Sila-bac silage
(P<.05). This increase in gains by LSA-100 could have been due to the
difference in ration CP level: control and Sila-bac, 10.1%, LSA-100,
12.9%. Feed intake was highest for LSA-100 silage; lowest for Sila-bac
silage. Both LSA-100 and Sila-bac silages were utilized 3% more effi-
ciently than was the control.
The dry matter lost during fermentation, storage, and feedout from
the concrete staves was similar for the control and LSA-100 silages (16.9
and 17.5%, respectively) and lowest (14.0%) for Sila-bac (Table 4.3).
In the stave silos, about 5% of the dry matter ensiled was discarded as
non-feedable spoilage when the silos were opened. This surface loss was
probably due to poor compaction and air penetration and not to the
treatments.
Dry matter losses from the buried bags were less (P<.05) for Sila-bac
and LSA-100 silages (11.0 and 10.9%, respectively) than for the control
(13.4%). Both additives increased (P<.05) dry matter recovered in the
5-gallon containers, which was 5 to 6 percentage units over the control
s i l age . These represent the lowest possible dry matter losses that could
be expected in large farm-scale silos.
Shown in Table 4.4 are steer gains per ton of forage sorghum crop
ens i led . These data combine feedlot performance (Table 4.2) and silage
recovery from the concrete stave silos (Table 4.3). Compared with the
control, Sila-bac sorghum silage produced 6.2 extra pounds and LSA-100
1.9 extra pounds of steer gain/ton of ensiled crop.
The control silage was less stable in air than were the additive
s i l ages  (Tab l e  4 .5 ) . It heated on day 3; Sila-bac and LSA-100 silages
showed no signs of spoilage until day 7. When exposed to air, the control
s i lage had los t  8 .8% of  i t s  dry  mat ter  a t  f i rs t  not ice  of  temperature  r ise .
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By the time both additive silages had heated and started to lose dry
matter, the control had lost more than 16% of its dry matter. After 1
week of  a i r  exposure  ( i .e . ,  s i lage surfaces  or  s i lage pi les) ,  the  control
would have lost 15% of its available dry matter, while the additive silages
would have lost only 3%.
T a b l e  4 . 1 . Chemical analyses of control, Sila-bac, and LSA-100 forage
sorghum silages1
Dry Crude Crude Ether Lactic Acetic Butyric
Silage matter pH protein fiber e x t r a c t  Ash a c i d a c i d a c i d * NH3-N**
% % of the DM
Control 29.08 3.92 7.2 23.2 2.0 8.0 3.58 1.82 TR 3.39
Sila-bac 30.13 3.92 7.1 23.1 2.9 7.9 3.85 1.58 ND 4.46
LSA-100 30.53 4.05 12.0 22.4 3.0 7.9 3.52 1.88 TR 17.45
1 Each value is the mean of five samples.
*ND means none detected; TR means traces detected.
** NH3 is ammonia-nitrogen expressed as percent of total nitrogen.
Figure  4  . l . Ensiling temperature (degrees above initial temperature) for
the three forage sorghum silages. Initial temperatures were
15, 22, and 8 C for control, Sila-bac, and LSA-100 silages,
respect ively .
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Table 4.2. Performance by steers fed the three forage sorghum silage
rations
I t e m Control Sila-bac LSA-100
15 15 15
512 505 506
Avg. final wt., lb 720 709 729
208 203 222
No. of steers
Avg. initial wt., lb
Avg. total gain, lb
Avg. daily gain, lb
Avg. daily feed intake, lb1
sorghum silage
soybean meal .45
milo - - - -
premix .21
















total 14.52 13.80 15.10
Feed/lb of gain, lb 1 5.67 5.48 5.49
1100% dry matter basis.
a,bValues with different superscripts differ significantly (P<.05).
Table 4.3. Forage sorghum silage fermentation, storage, and feedout losses

















Sila-bac 88.97 -- 11.03









1 Each value is the mean of six bags.
2 Each value is the mean of two containers at 122 day post-ensiling.
a,bValues with different superscripts differ significantly (P<.05).
Table 4.4. Steer gain per ton of sorghum crop ensiled*
Item Control Sila-bac LSA-100 
Silage fed, lb/ton 1561 1623 1546
Silage/lb of gain, lb 18.90 18.27 18.30
Steer gain/ton of sorghum
crop ensiled, lb 82.6 88.8 84.5
*Values are adjusted to same dry matter content for each silage, 30%.
Table 4.5. Changes in temperature and losses of dry matter during air exposure for the three forage
sorghum silages.
Accumulated temperature
Day of initial above ambient Loss of DM
rise above ambient Maximum Days   exposed  to  air D a y s  e x p o s e d  t o  a i r
Silage temperature* temperature 3 5 9 13 3 5 9
C C
56 .9 8.7a 21.7a
Sila-bac 7 35.6
% of DM exposed to air 
13
Control 35. 0 33.93 9.6 81.1
** ** 14.1 70.5 <1.0
13.4 a 16.4a
b <1.0b 6.6b
7 b b b
14.9b
LSA-100 40.0 ** ** 18.3 97.5 <1.0 <1.0 3.9 22.2
a
*1.7 C rise or higher.
**No rise in temperature.








NaOH Wheat Silage and Alfalfa Haylage
for Growing Steers and Heifers
Keith Bolsen, Harvey Ilg, Mopoi Nuwanyakpa, and Jim Hoover
Summary
Wheat silage, with and without sodium hydroxide (NaOH), was fed, with
or without alfalfa haylage, in an 80-day growing trial. Calves fed NaOH-silage
consumed 18% more feed and gained 16% faster than those fed control silage,
but  feed eff ic iencies  were  s imilar . When 50% of the wheat silage was replaced
with alfalfa haylage (DM basis), gains decreased 3.1 and 3.7%, feed intake
increased 12.3 and 9.7%, and feed efficiency decreased 23.7 and 14.4% for
calves fed control and NaOH silages, respectively. NaOH increased ensiling
temperatures by 9 to 12° C during the first 6 weeks. Dry matter recovery
from the concrete stave silos was similar for both silages (82.1% for control
and 83.9% for NaOH); recoveries from buried bags were 92.3 and 89.5%. NaOH
wheat silage was more stable in air than was either control wheat silage or
alfalfa haylage.
Introduction
In several  previous t r ia ls , we showed that wheat silage can be used
effectively in cattle growing rations (Bulletin 613, Kansas Agriculture
Expt .  Sta t ion) . However, compared with corn silage, wheat silage is less
digest ible ,  has  a  lower  in take,  and deter iorates  fas ter  in  a i r .
This trial was our second one in which we evaluated the potential of
sodium hydroxide and alfalfa haylage to improve the quality of wheat silage
rat ions .
Experimental Procedure
Two whole-plant wheat silages (late dough, 57% moisture) were made
in 10 ft x 50 ft concrete stave silos on June 9 and 10, 1980, without
(control) or with NaOH applied at 3.8% of the crop dry matter. NaOH was
applied as dry prills,  metered with a hydraulic applicator attached to
the silage blower. Silage was direct-cut using a Field Queen forage har-
vestor with a 2-inch recutter screen.
Silos were opened after 7 months. Each silage was fed to 30 Hereford
and Simmental steer and heifer calves (six pens of five calves) during
an 80-day growing trial (January 5 to March 26, 1981). For three pens
receiving each wheat silage,
mat ter  basis) .
a lfalfa  haylage replaced half  the s i lage (dry
Wheat silages and haylage were full-fed along with supple-
ment fed at 2.0 lb of supplement per calf daily (air-dry basis). Supplements
were formulated to bring the total rations (dry basis) to 12.0% crude
protein (all  natural),  .45% calcium, .35% phosphorus and to provide 30,000 I.U.
of vitamin A and 70 mg of aureomycin per calf daily. The two NaOH wheat
silage rations contained 1.4% potassium, supplied by either potassium
chloride or  a lfalfa  haylage. Rations were fed twice daily, with forage
and supplement mixed in the bunks.
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The haylage (ensiled at 40 to 44% moisture in a 14 ft x 40 ft
Harvestore) was from 4th-cut alfalfa harvested in September, 1979.
All calves were weighed individually, after 16 hr without feed or
water ,  a t  the  s tar t  and a t  the  end of  the  t r ia l . Intermediate weights
were taken before the a.m. feeding on days 28 and 56.
Dry matter losses during fermentation, storage, and feedout were
measured for both wheat silages by weighing and sampling all loads of
fresh crop ensiled and, later, weighing and sampling all silage removed.
About 125 lb of fresh crop was removed from each silo twice during filling,
packed into three nylon bags (30 lb/bag), and buried in each silo. As silage
was fed, bags were removed from the silos, weighed, mixed, and sampled
for chemical analysis, and dry matter loss was determined. Ensiling
temperatures during the first 6 weeks were monitored with four thermocouples
evenly spaced in each silo.
Aerobic stability (bunk life) of the wheat silages and haylage was
determined as described on page 7 of this Progress Report.
Results
Chemical analyses of the two silages and haylage are shown in Table 7.l.
Control silage fermented normally, as evidenced by low pH, predominance
o f  l a c t i c  a c id ,  and  l i t t l e  bu ty r i c  a c id . However, NaOH silage underwent a
clostridial fermentation, characterized by high pH, excessive butyric
a c i d ,  a n d  l i t t l e  l a c t i c  a c i d .
Ensiling temperatures (Figure 7.l) averaged 9° to 12° C warmer for NaOH
silage than the control throughout the 6 weeks.
Cattle performances are shown in Table 7.2. Calves fed NaOH silage
alone gained faster (P<.05) and consumed more feed (P<.05) than those fed
control  s i lage  a lone. Adding alfalfa haylage to either wheat silage
increased feed intake by about 11%, but decreased rate and efficiency of
gains . Our previous trial (Progress Report 394) also showed that NaOH increased
intake but not use of wheat silage and that haylage had less net energy than
wheat silage. In both trials, the high sodium content of the NaOH silage
rations caused high water intake,
conditions.
excessive urination, and extremely wet pen
Dry mat ter  losses  in  the  s tave s i los  (Table  7 .3)  were  s imilar  for
control and NaOH wheat silages and 2 to 6 percentage units higher than those
generally obtained with corn or sorghum silages. Dry matter loss from the
buried bags represented slightly less than the minimal loss obtainable in
a farm-scale  s i lo .
Aerobic stability results in Table 7.4 show that NaOH silage was
highly stable in air (heating on the 10th day), control silage moderately
stable (heating on the 4th and 5th days), and haylage unstable (heating on
the 2nd day).
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Table 7.1. Chemical analyses of control and NaOH wheat silages and alfalfa haylage.
Dry Crude Crude Lactic Acetic Propionic Butyric
Forage matter pH Ash protein fiber acid acid acid acid NH3-N*
Control 41.95 4.24 7.17 11.11 24.40 4.29 1.40 .19 .17 6.76
NaOH 41.75 7.16 10.37 9.67 25.46 .82 1.23 .95 5.82 9.67
Alfalfa haylage 60.43 5.61 11.23 23.71 24.78 1.24 .86 .16 .03 4.20
% % of the DM
*NH3-N expressed as a % of total N.
F igu re  7 .1 . Ensiling temperatures for control and NaOH wheat silages.
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Control wheat silage NaOH wheat silage
alone + haylage alone + haylage
T a b l e  7 . 2 . Performance by steers and heifers fed the four wheat silage
and alfalfa  haylage rat ions.
No. of calves 15 15 15 15
I n i t i a l  w t . ,  l b s . 479 481 482 474
Final  wt . ,  lbs . 608 607 632 619





Avg.  dai ly  feed intake,  lbs .2
wheat silage 10.23 6.36 12.47 6.89
haylage - - - 6.35 - - - 6.96
supplement 1.80 1.80







Feed/ lb .  of  gain ,  lbs .2 7.51
a 9.29
b
7.58 a 8.67a , b
1 80-day trial: January 5 to March 26, 1981.
2 100% dry matter basis.
a , b , c , d Values with different superscripts differ significantly (P<.05).
T a b l e  7 . 3 . Wheat silage fermentation, storage, spoilage, and feedout losses
DM recovered DM lost during
Silo and Feedable Non-feedable fermentation, storage
silage treatment (spoilage)* and feedout
Concrete staves % of the DM put into the silo
Control 82.06 6.00 11.94
NaOH 83.86 5.00 11.14
Buried bags
Control 92.26 - - 7.74
NaOH 89.48 - - 10.52
* Removed from the silage surface when the silos were opened January 4, 1981.
T a b l e  7 . 4 . Changes in temperature and losses of dry matter by the two
wheat silages and alfalfa haylage during air exposure
Day of Accumulated
i n i t i a l  r i s e temp. above Loss of DM
Silage
C
Control 4.9 53.9 ** 27.4 121.1 <1.0 1.1 9.8
NaOH 10.0 29.4 ** ** 6.5 <1.0 <1.0 1.7
Alfa l fa haylage 2.0 40.0 28.0 52.4 76.4 2.1 5.4 17.9
*1.5 C rise above ambient (18.3 C).
**No rise in temperature.
above ambient Maximum ambient, C (% of DM exposed to air)
temp.* temp. day 3  day 6  day 10 day 3 day 6 day 10
26
sen, Harvey Ilg, Mopoi Nuwanyakpa and Gerry Posler1
Forage Sorghum Silage and Summer Annual Silage
and Hays for Growing Steers and Heifers
Summary
Sorghum-Sudan hay and silage and sudangrass hay were compared with
forage sorghum silage in an 80-day growing trial involving 60 calves. Calves
fed forage sorghum gained 14% faster than those fed sudangrass hay (P<.05).
Calves fed either of the two silages consumed less feed (P<.05) but were more
efficient (P<.05) than those fed either of the two hays.
This and two previous trials indicate that early-harvested summer annual
silages and hays produce similar rates of gain but that silages are used 10 to
20% more efficiently by growing cattle. These forages have 75 to 90% of the
relative feeding value of average-quality forage sorghum silage. With crude
protein content of 12 to 15%, our summer annuals required little, if any,
supplemental protein.
Introduction
In four  previous t r ia ls , summer annuals produced high-yielding,
high-quality forages when harvested early. (Progress Reports 320, 350,
and 377, Kansas Agricultural Expt. Station).
We continued evaluating those forages by comparing an early-harvested
summer annual silage and two early-harvested summer annual hays with forage
sorghum silage in growing rations.
Experimental Procedure
Four forages harvested in the summer and fall, 1980, were compared:
1) forage sorghum (Dekalb FS-25a+) was direct-cut in the soft dough stage at
28 to 30% dry matter and ensiled between October 6 and 9 in a 14 ft x 60 ft
concrete  s tave  s i lo ; 2) Sorghum-sudan (Dekalb 7a+) was swathed with a mower-
conditioner in a late-vegetative growth (July 10) before heads emerged.
Alternate windrows were harvested after a 24-hr wilt and ensiled at 35% DM
(range, 29.0 to 44.7%) in a 10 ft x 50 ft concrete stave silo; 3) remaining
windrows were turned twice, allowed to field-wilt over a weekend, and baled;
and 4) sudangrass (Northrup King Trudan-6) was harvested for hay at the same
time and by the same methods as was sorghum-sudan. Both hays were made into
70 to 80 lb bales, stored under cover, and chopped with a tub grinder with
a 2-inch screen before being fed.
1 Department of Agronomy, Kansas State University, Manhattan, KS.
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For  the  sorghum-sudan forage t reatment ,  s ix  nylon bag and s ix  plas t ic
container  s i lages  were  made f rom wil ted mater ia l  obta ined f rom load 4
(29.0% DM) and load 8 (42.9% DM) (see page 7, this Progress Report).
Each of the four forages was fed to 15 Hereford and Simmental steer
and heifer  calves  ( three  pens of  f ive  calves)  dur ing an 80-day growing
trial. Si lages  and hays  were  ful l - fed a long with  2 .0  lb  of  supplement  per
c a l f  d a i l y  ( a i r - d r y  b a s i s ) . Supplements were formulated to bring the
r a t i ons  (d ry  ba s i s )  t o  12 .0% c rude  p ro t e in  ( a l l  na tu r a l ) ,  . 45% ca l c ium,  and
.35% phosphorus and to provide 30,000 IU of vitamin A and 70 mg of aureomycin
p e r  c a l f  d a i l y . Rat ions  were  fed twice  dai ly ,  wi th  forage and supplement
mixed in the bunk.
All calves were weighed individually, after 16 hr without feed or water,
a t  the  s tar t  and a t  the  end of  the  t r ia l . Intermediate weights were taken
before the a.m. feeding on days 28 and 56.
Silage aerobic stability (bunk life) was determined as described on
page 7 of this Progress Report.
Results
Chemical analyses and silage aerobic stabilities are shown in Table 8.1.
Silages were well preserved and were relatively high in lactic acid. Crude
fiber values were similar for all forages, but the three summer annuals
averaged 3.6 percentage units higher crude protein than did the forage sorghum.
Both silages were highly stable in air. Forage sorghum silage heated on
day 9;  s o r g h u m - s u d a n  s i l a g e ,   on day 13.
Table 8.2 shows that calves fed forage sorghum silage outperformed
those fed sorghum-sudan silage or hay and calves fed sudangrass hay had the
poorest performance. Dry matter consumption averaged 25% higher for the two
hays than for the two silages; however, hays were used far less efficiently.
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Item
Dry matter, % 28.77 32.42 90.10 90.48
p H 3.78 4.26 - - - -
NH3-N* 3.75 5.37 - - - -
Forage sorghum Sorghum-sudan Sudangrass
s i l age s i l age hay hay
% of the DM
Ash 9.03 10.91 9.50
Crude protein 9.42 14.68 12.49
Crude fiber 25.25 27.77 25.90
Lactic acid 5.03 4.86 - -
Acetic acid 2.01 2.30 - -
Propionic acid .37 .38 - -
Butyric acid .34 .03 - -
Day of initial rise above
ambient temp.** 9.0 13.3 - -
Maximum temp., C 37.2 26.7 - -
Loss of DM after 14 days,
% of DM exposed to a i r 10.1 1.8 - -
*NH3-N expressed as a percent of total nitrogen.











T a b l e  8 . 1 . Chemical analyses of the four forages and aerobic stability
of the two silages.




sorghum sudan sudan sudangrass
No. of calves 15 15 15 15
I n i t i a l  w t . ,  l b 482 480 477 475
Final  wt . ,  lb 625 606 602 576
Avg. daily gain, lb 1.78a 1.57a 1.56a 1.26b
Avg. daily feed intake, lb2
s i l age 11.93 11.47 - - - -
hay - - - - 15.47 14.62
supplement 1.80 1.80 1.80 1.80
t o t a l 13.73b 13.27b 17.27a 16.42
a
Feed/lb of gain, lb2 7.73
a 8.47b 11.01c 13.00d
1 80-day trial: January 5 to March 26, 1981.
2 100% dry matter basis.
a,b,c,d




High-moisture Corn With Additives for
Finishing Rat ions 1 , 2 , 3
Bruce Young, Harvey Ilg, and Keith Bolsen
Summary
Dry corn (dry), Harvestore ensiled high-moisture corn, stave silo
ensiled high-moisture corn (stave H.M.C.) and stave H.M.C. ensiled with NaOH,
Cold-flo ammonia, or Silo-Best additives were evaluated in steer and heifer
f i n i sh ing  t r i a l s . Cold-flo and NaOH H.M.C. gave slowest gains; NaOH had the
highest intake and Harvestore H.M.C. the lowest, efficiency of gain favored
the Harvestore H.M.C.
All H.M.C. corn except NaOH was unstable in air because of high dry matter
a t  en s i l i ng , slow corn use, and warm temperatures. Dry matter losses and temper-
ature rises during air exposure were highest for Cold-flo and Harvestore H.M.C.
Experimental Procedure
Four concrete stave silos (10 ft x 50 ft) and one oxygen-limiting
Harvestore were used to store about 1,000 bushels per structure of high-
moisture corn (H.M.C.) at 77.7% to 82.1% dry matter, harvested September
ll-13, 1979.
Stave silo H.M.C. treatments were: 1) no additive (stave), 2) 80 lb
of NaOH, 3) 2.0 lb of Silo-Best,1 and 4) 19.3 lb of Cold-flo2 ammonia. For
treatment 5, H.M.C. corn ensiled in a Harvestore was used and for 6, arti-
f ic ia l ly  dr ied corn (dry) . Additive rates were per ton of wet corn harvested
of the same variety and from the same field. NaOH and Harvestore H.M.C. were
ensiled whole; others were coarsely cracked by a roller mill before ensiling.
Harvestore and dry corns were coarsely rolled before feeding; NaOH H.M.C.
was fed whole.
1 Silo-Best ® i s  an enzyme product  of  Cadco,  Inc . ,  Des Moines ,  Iowa.  Par t ia l
financial assistance provided by Cadco, Inc.
2 Cold-flo
®
is a non-protein nitrogen product of USS Agri-Chemicals, Division
of United States Steel, Atlanta, Georgia. Pa r t i a l  f i nanc i a l  a s s i s t ance
provided by United States Steel.
3Mention of products and companies is made with the understanding that no
discrimination is intended and no endorsement implied.
3 2
Silos were opened after 210 days and a complete mixed ration of each
corn was full-fed for 93 days (April 9 to July II, 1979) to 78 cattle (five
individual ly  fed s teers / ra t ion and two pens  of  four  hei fers / ra t ion) .  The
rations contained 83.2% corn, 4.5% forage sorghum silage, 4.5% alfalfa hay
and 7.8% supplement (dry basis) (Table. 10.1). All rations were formulated
to 12% crude protein, .80% calcium and .32% phosphorus. Cattle were adjusted
to full feed over 24 days, implanted with 36 mg of Ralgro, and wormed with
an oral paste.
At  the  s tar t  and again  a t  the  end of  the  feeding t r ia l ,  a l l  ca t t le  were
weighed individually after 16 hr without feed or water. Intermediate full
weights were taken before the a.m. feeding on days 28, 56, and 84. Steer
performance was based on beginning and ending live weights. Heifer final
weights were derived from hot-carcass weights and a dressing percentage of 62.
Ingredient samples were collected weekly and feed consumed was recorded
da i ly . The quantity of complete ration offered was adjusted according to
the amount the cattle would consume and feed was always in the bunks. Feed
not consumed was removed, weighed, and discarded as necessary.
Aerobic stability (bunk life) of each H.M.C. was measured with samples
taken on May 13 and July 1, 1980 (details are described on page 7 of this
r epo r t ) .
Results
The Cold-flo H.M.C. was 9.36% crude protein (CP) before treatment
and 9.95% CP when fed. The 19.3 lb of Cold-flo added per ton
raised the CP to 14.32%, so only 12% of the Cold-flo nitrogen
reta ined. Ammonia loss at the silo blower and during silo filling were
enhanced by the low moisture of the ensiled corn.
should have
added was
Adding NaOH to whole H.M.C. quickly turned the corn a carmel yellow
and the mixture was very difficult to blow into the silo. NaOH-treated
corn at feeding was dark brown to black; it caked and was extremely difficult
to remove from the silo.
Chemical analyses of the corn treatments are shown in Table 10.2. The
pH values for ensiled H.M.C.'s were higher than expected. NaOH (pH, 8.8)
and Cold-flo (pH, 7.8) remained basic due to the alkaline nature of the
addi t ives . High pH's for the other H.M.C.'s indicated minimum fermentation
because of  high dry mat ter  of  the  pre-ensi led corn.  Volat i le  fa t ty  acid
and lactic acid levels confirmed the pH measurements. Acid detergent nitro-
gen, which represents bound and undigestible nitrogen (probably due to heat-
ing), was highest for the NaOH treatment.
Aerobic deterioration of H.M.C., which can occur in the silo (at the
surface) or in the feed bunk, results from aerobic organism growth (yeasts,
molds ,  or  bacter ia) . In this experiment the structures were open for feed-
ing April 8 through July 15, 1980. NaOH-treated corn did not heat extensively
at  the  feeding surface, but some spoilage occurred near the inside wall of
t h e  s i l o . Stave, Silo-Best, Cold-flo, and Harvestore H.M.C.'s heated at the
feedout surface, in addition to showing organism growth. Mold and yeast
growth were apparent. Slow corn use and warm ambient temperature undoubtedly
contributed to  t he  ae rob i c  de t e r i o r a t i on  a t  t he  su r f ace .  I n s t ab i l i t y  i n  t he
Harvestore could have been increased because only 20% of the structure was
f i l l ed  o r ig ina l ly .
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Aerobic stability measurements (Table 10.3) confirmed the unstable
nature of all H.M.C.'s except NaOH. Cold-flo and Harvestore H.M.C. heated
nearly as soon as they were exposed to air, and they reached the highest
temperatures and had the greatest accumulated temperatures in each measure-
ment. Stave and Silo-Best H.M.C. heated at an intermediate rate. Dry
matter and lactic acid disappeared and pH values increased during exposure
to air; changes were most pronounced in Harvestore and Cold-flo H.M.C.
Ammonia accumulation, particularly in Harvestore H.M.C., indicated protein
breakdown.
Performance of all steers and heifers are shown in Table 10.4.
Individual ly  fed s teers : Intakes were similar among treatments, but rates
of gain for Cold-flo and NaOH H.M.C. were less (P<.05) than for other corns.
NaOH H.M.C. was used the least efficiently (P<.05).
Heifer groups: Daily feed consumption was higher for Silo-Best and NaOH
H.M.C. (P<.05) than for Harvestore; consumption was similar for other corns.
Rates  of  gain  were  a l l  s ta t is t ical ly  s imilar ,  but  gains  were  lowest  for
Cold-flo and NaOH H.M.C. Harvestore H.M.C. was used the most efficiently;
NaOH, the least (P<.05).
For both steers and heifers, NaOH addition increased intake but
performance was reduced. The high sodium content of NaOH rations caused
high water intake and urine excretion, which could explain the lowered
performance. Although the stave, Silo-Best, and Harvestore H.M.C.'s were
unstable  in  a i r ,  ca t t le  performance for  these  ra t ions  was s imilar  to  that
for dry corn.
Table 10.1. Composition of the supplements fed in the six rations.
Dry, stave,
Harvestore, and
Ingredient Silo-Best NaOH Cold-flo
lb per ton
Corn, rolled - - - - - - 1042.0
Soybean  meal, 44% CP 900.00 900.00 - - -
Tallow 20.00 20.00 20.00
Urea, 281% CP 178.00 178.0 - - -
Limestone 520.00 520.0 520.0
Dicalcium phosphate 60.00 60.0 60.00
Salt 120.00 - - - 120.00
Potassium chloride 110.00 230.00 146.00
Ammonium sulfate 40.00 40.00 40.00
Vitamin A (10,000 IU/gm) 17.80 17.80 17.80
Vitamin D (15,000 IU/gm) 1.20 1.20 1.20
Rumensin 60 5.00 5.00 5.00
Tylan 10 18.00 18.00 18.00
Trace mineral (CCC-Z10) 10.0 10.0 10.0
Table 10.2. Chemical analyses of the corn treatments.
1
Dry Crude Lactic Acetic Valeric
Corn treatment matter pH NH3-N2 protein ADN
3 acid acid acid
% % of the DM
Dry 89.6 5.5 .47 9.49 .046 .194 .014 .030
S t a v e  82.0 6.4 5.14 8.96 .110 .433 .096 .021
NaOH 82.1
Silo-Best 81.4 6.4
8.8 1.81 8.68 .177 .264 .379 .087
4.19 9.15 .070 .350 .140 .015
Cold-flo 79.0 7.8 18.66 9.95 .092 .754 .117 .027
Harvestore 77.7 7.6 11.96 9.04 .047 .579 .121 .015
1 Each value is the mean of a composite sample.
2 NH3-N means amnonia-nitrogen expressed as a % of total nitrogen.
3Acid-detergent nitrogen
Table 10.3. Changes in temperature, and pH and losses of dry matter and lactic acid during air exposure by
five high-moisture grains.
Day of initial
Corn rise above Maximum Days exposed to air
treatment ambient temp.* temp. 0 2 5 7 16
°F Accumulated temp. above ambient °F
Stave 5.7 88.9 29.9 50.7 84.6 136.2
Silo-Best 7.2 Silo-Best 4.5
Stable
88.3 28.5 42.3 49.3 96.9
NaOH 69.0 ** 4.8 35.3 ** ** **
Cold-flo 1.4 111.5 43.8 204.6 329.3
9.3
Harvestore 1.0 104.3 67 155.7 207.3
633.9
493.0 Harvestore 163.3
Dry Stable 66.7 ** ** ** **
Loss of DM (% of DM exposed to air)
Day of initial
Corn rise above Maximum Days exposed to air
treatment ambient temp.* temp. 0 2 5 7 16

















Accumulated temp. above ambient °F
5.0 30.8 41.3 56.9








** ** ** **
Loss of DM (% of DM exposed to air)
.9 2.69 3.05 3.17 2.77
1.1 3.6 .84 1.70 2.19 4.04
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4.72 4.87 5.26 5.73 5.99
4.87 4.95 5.09 5.32 5.88
8.83 9.03 9.15 9.11 9.19
5.61 5.92 6.80 6.67 6.59
5.14 5.78 6.39 6.39 6.19














5.01 5.63 6.03 6.07
5.25 6.27 6.21 6.08
8.67 8.76 8.52 8.87
6.08 6.61 6.43 6.69
6.65 6.54 6.48 6.74
5.62 5.56 5.51 5.48
Lactic acid
Stave .32 .40 .34 .24 .13 Stave .25 . 3 9 .30 .13 .16
Silo-Best .23 .21 .26 .19 .08 Silo-Best .33 .39 .18 .16 .15
NaOH .06 .06 .07 .08 .06 NaOH .06 .13 .12 .14 .13
Cold-flo .85 .72 .43 .41 .15 Cold-flo 1.31 . 7 7 .30 .25 . 2 6
Harvestore .30 .27 .14 .13 .11 Harvestore .27 . 1 4 .15 . 1 4 . 1 0
Dry .12 .05 .06 .05 .04 Dry .09 . 0 7 . 0 9 . 0 8 . 0 8
*6.0 F rise above ambient temperature
** No rise in temperature.
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Table 10.4. Performance by steers and heifers fed the six corn rations.
Dry Harvestorel Stave NaOH Silo-Best Cold-flo
No. of steers 5 4 5
648
5 5 5
Initial weight, lb 641 630 640 652 655
Final weight, lb 930 914 942 860 956 915
Avg. daily gain, lb 3.18a 3.12a 3.23a 2.42b 3.35a 2.86ab
Total daily feed, lb2 18.08 17.06 18.44 18.95 18.89 16.99
Feed/lb of gain, lb2 5.72a 5.50a 5.78a 8.07b 5.62 a 6.08a
Number of heifers 8 8 8 8 8
Initial wt., lb 552 557






Avg. daily gain, lb 2.90 2.92 2.81 2.79 2.96 2.71
Total daily feed, lb2 17.20ab 16.50b 17.67ab 18.76a 18.19a 17.29ab
Feed/lb of gain, lb2 5.93 bc 5.66c 6.29abc 6.72 a 6.16abc 6.40ab
1One steer died.
2 100% dry matter basis.
a,b,c Values with different superscripts differ significantly (P<.05).
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Sila-bac and Molasses Additives for
High Moisture Sorghum Grain1
Jean I. Heidker,2  Harvey Ilg, Keith Behnke,2
and Keith Bolsen
Summary
Sila-bac, molasses, or both combined were evaluated as additives for
ensiled high moisture sorghum grain. Control grain had the greatest
increase in temperature during ensiling. Grain treated with Sila-bac
had the highest lactobacilli  count but control grain had the fastest
drop in pH. Sila-bac grain was the most stable in air and remained stable
for 30 days. Control grain was stable for 21 days; grain treated with
molasses or molasses plus Sila-bac was stable until day 5.
Group-fed steers receiving Sila-bac grain gained faster and were more
eff ic ient  than s teers  fed control  or  molasses- t reated grain .  Individual ly
fed steers gained fastest when receiving molasses treated grain. Those
receiving Sila-bac grain were the most efficient.
Introduction
Sorghum grain is increasingly used as an alternative to corn in cattle
finishing rations. The production of sorghum grain requires less water
and costs less per acre than corn. Mature sorghum grain, however, may
Previous Kansas research (Manhattan, Hays, and Garden City) has shown
although high moisture sorghum grain, rolled before ensiling, can be
need drying for safe storage and must be processed for efficient use by
cattle. As energy costs increase, drying and processing become less desirable.
t h a t
used eff ic ient ly  by f in ishing cat t le ,  the  feeding value  is  not  consis tent ly
equal or superior to dry rolled sorghum grain.
Our objective was to find if adding a lactobacillus inoculant or a
readily available carbohydrate (dry cane molasses), or both, would improve
the quality of the ensiled high moisture sorghum grain and its use by
feed lo t  c a t t l e .
Experimental Procedure
Four concrete stave silos (10 ft x 50 ft) were filled with approximately
22,000 lb of high moisture sorghum grain harvested at 23 to 27% moisture.
1 Sila-bacR is a lactobacillus inoculant product of Pioneer Hi-Bred Inter-
national,  Inc.,  Microbial Genetics Division, Portland, Oregon 97201.
2Department of Grain Science and Industry, Kansas State University,
Manhattan, KS.
Treatments  were:  1)  control  (no addi t ive) ;  2)  0 .1% Si la-bac  (2  lb / ton) ;
3) 1.0% dry cane molasses; and 4) 1.0% dry cane molasses plus 0.1% Sila-bac.
Additives were applied to the grain on an as-received weight basis. All
grain was passed through a roller mill to lightly crack the kernels; then
treated, mixed, and augered into one of the four silos.
Samples were taken from each load as it was augered into the silo.
Representative 800-g samples of the grain being ensiled were placed in
air-tight plastic bags. Three bags for each treatment were placed in
5-gallon containers and covered with sand. The containers were stored
in a chamber where the temperature was adjusted to correspond to the
temperature recorded in the concrete stave silos. Bags were removed at
intervals, mixed, and analyzed for lactobacilli ,  pH, and fermentation acids.
Silos were opened after 18 days, and 12 yearling Hereford steers (two
pens of four steers each and four individually fed steers) were fed each
grain. Rations contained 83% high moisture sorghum grain, 12% corn silage,
and 5% supplement on a 100% dry matter basis. Rations were formulated
to 11.5% crude protein, .64% calcium, .34% phosphorus, and .66% potassium.
The supplement supplied 200 mg of monensin per steer daily. Rations were
fed ad libitum twice daily. Refused feed was removed, weighed, and discarded
every 7 days. Grain samples were collected weekly from the silos.
All steers were weighed individually, after 16 hr without feed or
water ,  a t  the  s tar t  and a t  the  end of  the  feeding t r ia l .  In termediate  weights
were taken on days 28 and 56. Final weights were calculated from the
average dressing percentage of all steers.
Grain dry matter losses during fermentation, storage, and feedout
were measured for each treatment by accurately weighing and sampling
each load as it  was augered into the silo and, later, weighing and sampling
the material as it  was removed from the silos. Ensiling temperature
was monitored for the first 28 days by four thermocouples evenly spaced
in each silo.
To measure aerobic stability (bunk life), fresh ensiled grain was
taken from each silo and divided into 15 lots; each lot was placed in a
plastic-lined polystyrene container. A thermocouple was embedded in
the center of each container,  cheesecloth was stretched over the top and
the containers were placed in a 20°C room. Temperature for each container
was recorded twice daily. Triplicate containers were removed, weighed,
mixed, and sampled after 3, 6, 9, and 12 days of exposure to air. Temper-
ature for the control and Sila-bac treated grains was monitored for 30 days.
Lactobacilli  counts at different times post-ensiling are shown in
Table  11.1 .  Grain  enter ing the  s i los  was  used for  in i t ia l  counts .  Si la-bac
t rea ted  gra in  had the  h ighes t  in i t ia l  lac tobaci l l i  count ;  however ,  a t  the
end of 48 hr, counts were similar for all grain treatments. Control grain
had the most rapid pH decrease; the molasses plus Sila-bac grain had the
slowest (Figure 11.1). The rate of decrease in pH was similar for Sila-bac
and molasses grains. After 58 days, Sila-bac and molasses grains had the




Chemical analyses of the grains are shown in Table 11.2. Control,
Sila-bac, and molasses grains all had similar pH values; molasses plus
Sila-bac grain was slightly higher. Lactic acid was highest in the control
and molasses grains. Acetic acid was highest in the Sila-bac grain
and lowest in the molasses plus Sila-bac grain; the control and molasses
grains were intermediate. Ammonia nitrogen was highest in the Sila-bac
grain.
Sila-bac grain was 5°C warmer than control grain. Shown in Figure 11.3 is
ensiling temperature in degrees above initial temperature. The control
had the highest rise (6.5 C); molasses grain, the lowest (4.5 C).
Actual ensiling temperatures are shown in Figure 11.2. Sila-bac grain
had the  highest  ens i l ing temperature ;  control  gra in ,  the  lowest .  Grain
treatments did not enter the silos at the same temperatures. For example
Steer performances are shown in Table 11.3. Gains and efficiencies
were  excel lent  for  a l l  t reatments .  Group-fed s teers  receiving Si la-bac
grain gained faster and more efficiently (P<.05) than those receiving
control  or  molasses  grains .  Individual ly  fed s teers  receiving molasses
grain gained faster (P<.05) than those receiving the control or molasses
plus  Si la-bac grains .  Individual  s teers  fed Si la-bac grain  had the  lowest
(P<.05) daily feed intake but were the most efficient (P<.05).
Losses due to fermentation, storage, and feedout are presented in
Table 11.4. The control and Sila-bac grains had similar losses (7.69 and
8.91%, respectively), which were higher than losses from the molasses and
molasses plus Sila-bac grains (<1.0% and 1.8%, respectively). These
differences may be due to a higher dry matter and therefore a less extensive
fermentation in the molasses-treated grains.
Aerobic  s tabi l i t ies  are  presented in  Table  11.5 .  Aerobic  deter iora t ion
is characterized by increased temperature,
and loss of fermentation acids. The Sila-bac treated grain was very stable
increased pH, loss of dry matter,
and showed no temperature rise during the 30 days. The control grain was
stable until  day 21, while the molasses and molasses plus Sila-bac grains
were only stable until day 5.
Table 11.1. Lactobacilli  concentration of the four high moisture sorghum
gra in s  a t  d i f f e r en t  i n t e rva l s  pos t - ens i l i ng l
Sorghum grain
Molasses +
Time post-ensiling Control Si la-bac Molasses Si la-bac
lactobaci l l i /gram of  grain
0 h r 1.1 x 104 4.2 x 10 7 2.8 x 10 6 4.3 x 104
8 hr 2.1 x 107 2.5 x 10 7 5.2 x 10 6 4.3 x 105
16 hr 2.3 x 10 8 7.4 x 10 7 8.4 x 10 7 2.6 x 108
24 hr 2.6 x 10 8 1.6 x 10 8 1.8 x 10 8 1.7 x 107
4 8 hr 2.5 x 10 8 2.5 x 10 8 3.2 x 10 8 1.2 x 108
9 6 hr 3.0 x 10 8 2.9 x 10 8 3.9 x 10 8 8.0 x 108
7 days 1.8 x 10 8 2.1 x 10 8 1.9 x 10 8 2.3 x 108
14 days 7.8 x 10 7 8.6 x 10 7 1.3 x 10
8 1.3 x 108
1Concentrations are mean of three samples per interval for each grain.
matter pH
.838 .439
I n i t i a l  w t . ,  l b
6.16
Table 11.4. Sorghum grain fermentation, storage and feedlot losses in the silos
Dry matter
a t  ens i l ing at feeding
% % %
Control 73.16 73.63 7.69
Sila-bac 73.94 73.73 8.91
Molasses 76.05 75.50 <1.0
M o l a s s e s  +  S i l a - b a c 77.11 77.11 1.8
Sorghum grain DM Loss
Table 11.2. Chemical analyses of control, Sila-bac, molasses, and molasses + Sila-bac sorghum grain 1,2
Sorghum Dry Crude Lactic Acetic Propionic Butyric Valeric
grain acid acid acid acid acid NH3-N*
% % of the dry matter
Control 73.33 4.42 10.77 .935 .280 .006 .058 <.001 3.529
Sila-bac 73.78 4.51 10.57 .018 .001 .001 3.941
Molasses 75.32 4.45 .001 2.983
Molasses +
Sila-bac 77.14 4.69 10.46 .800 .178 .001 .000 .017 3.073
1 Each value is the mean of 10 samples (except Sila-bac + molasses, which is the mean of 8).
2All analyses were determined by using wet samples.
*NH3-N means ammonia-nitrogen expressed as % of total nitrogen.




Final  wt . ,  lb
Avg.  total  gain,  lb
Avg .  da i ly  ga in ,  l b
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3.87 a , b
24.6
6 .40a , b
Individual ly  fed s teers :
Number 4
I n i t i a l  w t . ,  l b 838 840 838 8 4 3
Final  wt . ,  lb 1104 1140 1148 1102
Avg.  total  gain,  lb 266








Avg. daily feed, lb2 21.8a





1 70-day trial: October 9, 1980 to December 19, 1980.
2 100% DM basis
a , b , cValues with different superscripts differ significantly (P<.05).
39
protein






Table 11.5. Change in temperature and pH and loss of dry matter and nutrients




Days exposed to air
grain temperature* 0 3 6 9 12
DM loss (%)
Control 21 -- <l.0 1.02 1.62
Sila-bac
1.97
-- - - <l.0 <l.0 <l.0
Molasses
<l.0
5 -- <l.0 <l.0 6.22 12.89

















*Ambient temperature, 20° C.
pH
4.40 4.37 4.44 4.56 4.72
4.46 4.46 4.52 4.62 4.62
4.19 4.48 5.85 5.58 5.65
4.76 5.25 5.92 6.02 5.92
Lactic acid (% of the DM)
1.054 .765 .938 1.000 .908
.764 .636 .522 .697 .657
1.258 1.098 .542 - - .405
.792 .643 .460 .472 .476
Acetic acid (% of the DM)
.640 .302 .464 .394 .327
.880 .678 .602 .538 .626
.164 .029 .030 .030 .043
.070 .018 .021 .011 .014
N H3-N (% of total nitrogen)
4.85 5.68 4.78 5.82 4.34
5.19 7.12 5.20 6.67 5.86
2.73 2.64 2.77 1.89 2.29
.93 1.12 .65 .58 .55
Hrs post-ensiling / Days post-ensiling
Figure 1. pH of the four sorghum grains at various time intervals




Figure 2. Ensiling temperature for the four sorghum grains at
various days post-ensiling.
Figure 3. Ensiling temperature (degrees above initial temperature)
for the four sorghum grains at various days post-ensiling.
Days post-ensiling














































